A retrospective, cross-sectional study was conducted to determine the leptospiral seroprevalence in clinically healthy horses in Switzerland. A representative sample of 615 horse sera was examined by microscopic agglutination test for the presence of antibodies against 15 Leptospira spp. serovars. In total, 58.5 % (n = 360) of the horses were positive for one or more of the antigens analysed, with 20.3 % of them showing titres ≥ 400. The most prevalent serovar was Pyrogenes (22.6 %), followed by serovars Canicola (22.1 %) and Australis (19.2 %). Older horses, mares, ponies and animals spending increased time on pasture exhibited signifi cantly higher prevalence rates (p < 0.05). Moreover, the prevalence was higher in summer and autumn (p = 0.003). The high seroprevalence in healthy horses indicates that they are often exposed to or infected with Leptospira spp. without developing signs of disease. Therefore, other laboratory and clinical data should always be taken into consideration when interpreting serological test results for Leptospira spp.
Introduction
Leptospirosis is a worldwide zoonotic disease caused by any of the pathogenic serovars within the genus Leptospira. The disease affects virtually all mammalian species (Adler and de la Peña Moctezuma, 2010). In horses, acute, chronic and subclinical infections do occur. Clinical leptospirosis is mostly associated with recurrent uveitis, renal and hepatic dysfunction, stillbirth and abortion (Offi ce International des Epizooties OIE, 2005) . Infected animals can become long-term carriers and thus an important source of infection for other animal species and humans by shedding the bacteria in their urine (Adler and de la Peña Moctezuma, 2010). end-point titre, defi ned as the reciprocal of the highest dilution of serum at which at least 50 % agglutination occurs (Offi ce International des Epizooties OIE, 2008) . A titre of ≥ 100 was considered positive, i.e. indicating past exposure to leptospires (Levett, 2001 ). All samples were tested by the same person to avoid inter-observer variability. The purity of the antigens was checked regularly by inoculation into thioglycolate broth and subsequent subculture on blood agar.
Preliminary experiments
The MAT was standardised with respect to the density and the age of the bacterial cultures, as these factors are known to infl uence the sensitivity of the test (Terpstra et al., 2003) . In our experiments, highest titre levels were obtained using 17 to 22 days old cultures adjusted to a density of 0.5 McFarland (data not shown). Thus, for ensuring a maximum and constant sensitivity, cultures of this quality were utilised throughout the study. Exceptionally, cultures at a density of only 0.4 McFarland Serological data from many parts of the world indicate that horses are susceptible to a wide variety of Leptospira serovars maintained by other animals sharing the same environment. Geographical variations in the seroprevalence of particular serovars are documented in numerous regional studies. The knowledge of the prevalent serovars in a particular region is essential to understand the epidemiology and to include the relevant serovars in the routine diagnostic panel. Further, it is important for the development of new vaccines as immunity is serovarspecifi c (Adler and de la Peña Moctezuma, 2010) . The aim of the present study was to determine the seroprevalence of different serovars of Leptospira spp. in clinically healthy horses in Switzerland. For this purpose, a representative sample of horse sera was analysed by microscopic agglutination test (MAT). This method has the advantages that it can be applied to sera from any animal species and that the range of antigens can be expanded or reduced as required. Moreover, the MAT is the most commonly used assay in seroprevalence studies of Leptospira spp. performed in other countries, and results are therefore comparable. A further goal was to evaluate whether there was an association between seropositive animals and potential risk factors.
Animals, Material and Methods

Animals and Sampling procedure
A cross-sectional study was performed on serum samples collected from December 2006 to September 2008 to determine the seroprevalence of 15 different serovars of Leptospira in healthy horses in Switzerland. Sampling calculations revealed that a minimum sample of 596 randomly selected animals was required to achieve a diagnostic detection limit of 0.5 % prevalence with a certainty of 95 %, given the population of 85'000 horses in Switzerland (WinEpiscope v2, Module Disease Detection). Blood samples were collected and processed as described previously (Kaiser et al., 2009) . A total of 615 samples were included in this study, 238 sera of indigenous horses and 377 sera of horses imported from neighbouring countries. All horses were deemed healthy on the day of sampling. For each horse, a questionnaire was completed regarding potential risk factors.
Serological analysis by MAT
The sera were examined for the presence of antibodies against Leptospira by MAT according to OIE standards (Offi ce International des Epizooties OIE, 2008) . Live cultures of 15 Leptospira reference serovars of the species interrogans, kirschneri and borgpetersenii were included in this study (Tab. 1). The sera were initially screened at a dilution of 1:100. Those with a positive reaction were titrated in a serial two-fold dilution to determine the Table 2 . Among the seropositive horses, 60 % (n = 216) were tested positive for more than one serovar, and only 40 % (n = 144) presented antibodies to just one serovar. The most prevalent serovars that were found concurrently in many individuals were Pyrogenes and Canicola as well as Australis and Bratislava (Fig. 1) . Regarding only the highest titre of all tested serovars per serum, 79.7 %, (n = 287) of the positive horses showed values ranging from 100 to 200. The other 20.3 % (n = 73) had even higher titres: 15.6 % (n = 56) had a titre of 400, 3.6 % (n = 13) had a titre of 800 and 1.1 % (n = 4) had were used when they did not grow to higher concentrations. The horse serum samples used for the seroprevalence study had been frozen to -80 °C and thawed three times for other use before they were examined. In order to analyse the effect of repeated freezing and thawing of sera on the MAT results, preliminary studies were undertaken, which showed that freeze-thawing of the sera up to four times did not affect their titres (data not shown).
Statistics
The overall seroprevalence and the percentages for the individual serovars were calculated with 95 % confi dence intervals (95 % CI) by the modifi ed Wald method (www. graphpad.com). The Chi-square test (Preacher, 2001 ) was used to assess associations between seropositivity and potential risk factors. Values of p ≤ 0.05 were considered statistically signifi cant.
Results
Seroprevalence
Out of 615 horses, 360 (58.5 %) were positive for at least one of the 15 serovars tested. The highest percentages of positive results were found for serovar Pyrogenes (22.6 %), followed by serovars Canicola (22.1 %), Australis (19.2 %), Bratislava (15.9 %), Autumnalis (10.4 %) and Grippotyphosa (8.8 %). The prevalence of each serovar investigated in the study population is a titre of 1600. The majority (59.6 %, n = 59) of all titres ≥ 400 were observed for serovars Australis (22.2 %), Canicola (20.2 %) and Pyrogenes (17.2 %).
Potential risk factors
The seroprevalences of Leptospira spp. among healthy horses in Switzerland according to potential risk factors are listed in Table 3 . With respect to the country of origin, no signifi cant difference (p = 0.417) in prevalence was found between indigenous horses (62.2 %) and imported horses from Germany (55.9 %), France (54.3 %), Italy (61.3 %) and Austria (72.7 %). Hence, for analyses of further risk factors, all horses were combined as one group.
Comparison of different age groups revealed a signifi cant increase in seroprevalence with age (p = 0.006), from 49.6 % in horses up to 5 years old to 67.8 % in those older than 15 years. In terms of sex, mares showed a signifi cantly higher seroprevalence than males (p = 0.001). However, there was no difference between stallions and geldings (p = 0.943). In addition, no signifi cant association (p = 0.720) between seroprevalence and breed was detected. Pertaining to height, ponies had signifi cantly more often (p = 0.028) antibodies against the tested panel of Leptospira serovars (74.4 %, n = 32) than horses (57.3 %, n = 324). A signifi cant rise in seropositivity (p = 0.005) with increasing duration spent on pasture per day was observed. Gathering with other horses had no effect on the prevalence rate: horses participating in events like exhibitions and competitions were not more frequently seropositive (p = 0.975) than horses never attending such occasions. Regarding the month of blood withdrawal, seasonal variation in seropositivity was apparent, with the prevalence being higher in summer and autumn, and lower in winter and spring (p = 0.003).
Discussion
The objectives of the present study were to determine the seroprevalence of 15 serovars of Leptospira spp. in clinically healthy horses in Switzerland and to identify risk factors associated with seropositivity. For this purpose, a representative sample of 615 horse sera was examined by MAT, the reference method and the most widely used test to detect Leptospira-specifi c antibodies of both IgM and IgG classes (Offi ce International des Epizooties OIE, 2008). After infection, antibodies can persist for years or even during the entire lifespan of an animal (Levett, 2001; Terpstra et al., 2003) . In our study, 58.5 % of the horses were positive for one or more of the 15 serovars analysed. The high seroprevalence in healthy horses suggests that horses are often in contact or infected with Leptospira without developing clinical signs. This is most likely a consequence of an exposure to host-adapted Leptospira spp., leading to an unapparent infection in their hosts (Terpstra et al., 2003) . As none of the horses suffered from clinical leptospirosis in the past, persisting titres originating from a previous disease are unlikely. Positive titres due to vaccination can be excluded because vaccination of horses against leptospirosis is not practised in Switzerland and its neighbouring countries. Our fi ndings are consistent with a survey of healthy horses in New York State, USA (Barwick et al., 1998) , where an overall prevalence of 56 % was detected. In Paraná, Brazil (Hashimoto et al., 2007) , an even higher seroprevalence (66.9 %) was found, whereas in Korea (Jung et al., 2010) and Portugal (Rocha et al., 2004) lower prevalence rates of 25 % and 8 %, respectively, were revealed. As not all studies include the same panel of serovars, the results are not fully comparable. Based on the experience of our laboratory (Institute of Veterinary Bacteriology, 2009) and a study carried out in France (Gaumont, 1986) , the percentage of seropositivity in healthy horses was much higher than in healthy animals of other species such as cattle, swine or dog, which are mostly negative at a cut-off titre of 100. Exposure to leptospires may elicit a stronger immune response in horses than in other animals. The most frequent serovar found in our study was Pyrogenes, followed by serovars Canicola, Australis and Bratislava. In many surveys of healthy horses in Europe, North America and Mongolia (Gaumont, 1986; KitsonPiggot and Prescott, 1987; Barwick et al., 1998; Rocha et al., 2004; Odontsetseg et al., 2005; Baverud et al., 2009) , serovars Bratislava and/or Australis, both belonging to the same serogroup, were most prevalent. However, in the investigation conducted in Brazil, they were only rarely observed (Hashimoto et al., 2007) . The horse has been suggested to be a maintenance host for serovar Bratislava (Ellis et al., 1983; Kitson-Piggot and Prescott, 1987; Rocha et al., 2004; Baverud et al., 2009) , being infected without developing any signs of disease. Maintenance hosts can carry particular pathogenic strains of Leptospira in their kidneys for long periods and shed them in their urine, thereby being an important source of infection for other susceptible species (Levett, 2001; Adler and de la Peña Moctezuma, 2010) . The lowest prevalences in our study were recorded for serovars Sejroe (0.2 %) and Hardjo (0.2 %). This is in accordance with the fi ndings of numerous other reports from Europe, North and South America (Kitson-Piggot and Prescott, 1987; Barwick et al., 1998; Rocha et al., 2004; Hashimoto et al., 2007; Baverud et al., 2009 1 For several horses, information about some potential risk factors was lacking in the questionnaires Antibodies to serovar Pyrogenes, which was the most commonly found serovar in horses in Switzerland (22.6 %), were also detected in horses in Brazil (8 %) and Portugal (7 %). Rocha et al. believe that seropositivity to serovar Pyrogenes results from cross-reacting antibodies against other Leptospira serovars because a strain of serovar Pyrogenes has actually never been isolated in Europe from horses or other animal species (Rocha et al., 2004) . Another possibility is that the horse acts as a maintenance host for serovar Pyrogenes as previously postulated for serovar Bratislava. The prevalence of serovar Grippotyphosa, the most often implicated serovar in equine recurrent uveitis in Switzerland (Tömördy et al., 2010) , was 8.8 %. Although Leptospira Grippotyphosa seems to be less frequent than many other serovars, it must be considered as an important Leptospira serovar causing clinical infections and complications in horses. Among the seropositive horses in our survey, a substantial percentage (60 %) reacted positively to several serovars. Seropositivity to various serovars is most probably due to cross-reactivity, which is a common feature among antigenically related serovars of Leptospira (Levett, 2001; Terpstra et al., 2003) , but it can also result from multiple infection with different serovars. In contrast, antibodies against other bacteria usually do not cross-react to a considerable extent with Leptospira spp. (Offi ce International des Epizooties OIE, 2008).
Regarding the most prevalent serovars in this study, simultaneous seropositivity, in all likelihood resulting from cross-reactions, was mainly observed for serovars Australis and Bratislava as well as for serovars Pyrogenes and Canicola, cross-reactions thus occurring not only within but also among different serogroups. One fi fth of the samples tested positive had end-point titres ≥ 400, although none of the horses had signs of leptospirosis. Equal or even higher percentages were found in previous studies (Barwick et al., 1998; Hashimoto et al., 2007) . This fact makes it diffi cult to assess the clinical relevance of seropositive results, even if the titres are high. Therefore, other laboratory and clinical data should always be taken into consideration when interpreting serological test results for Leptospira spp. Our analyses revealed that seroprevalence increased with age as already seen in previous studies (Kitson-Piggot and Prescott, 1987; Baverud et al., 2009) . This is plausible because the probability of having come into contact or being infected with Leptospira spp. increases with time.
The duration of daily pasturing was positively associated with seropositivity, whereas gathering with other horses on special events had no signifi cant infl uence on the prevalence rate. Thus, seropositivity to Leptospira spp. is The signifi cantly higher seroprevalence of blood samples collected during summer and autumn is most likely due to longer survival and infectivity of leptospires in the environment in warm and humid climate conditions. In Switzerland, the highest precipitation amounts and the highest monthly average temperatures are recorded in summer (MeteoSwiss, 2010) . Hence, during summertime horses are at higher risk to get in contact or infected with leptospires or, in case of repeated exposure, to be boostered. Concerning the higher seroprevalence found in mares compared to stallions and geldings, it must be considered that a signifi cantly higher percentage of the mares belonged to a higher age category (> 10 years, p = 0.011) and spent > 12 h on pasture per day (p < 0.001). Thus, the apparent sex-related difference might be a result of the combined infl uence of other factors such as those mentioned above. In contrast to the fi ndings in Sweden (Baverud et al., 2009) , ponies displayed a signifi cantly higher prevalence rate than horses. The most striking disparity regarding risk factors was the daily pasturing time: signifi cantly more ponies spent > 4 h outside (p < 0.001). Therefore, we speculate that the higher seroprevalence in ponies is mainly due to an elevated probability of contact or infection with Leptospira spp. during pasturing. In summary, our survey reports serological evidence of widespread exposure to different serovars of Leptospira spp. in healthy horses in Switzerland. The high background level of exposure in the horse population must be considered when interpreting serological test data, and positive results have diagnostic value solely in conjunction with a consistent clinical picture. The importance of the horse acting as carrier and shedder of Leptospira spp. remains to be investigated.
